The occurrence of parity doublets is a manifestation of intrinsic reflection asymmetry in odd-A nuclei. The reflection asymmetric shell model calculations of the parity doublet high spin bands have been performed for 237 U and 239 Pu. With a proper octupole deformation the present calculations have well reproduced the experimental data for the K = 1/2 parity doublets. The parity splitting at the lowest spin and its quenching with increasing spin are all reproduced by the theory. The K = 5/2 and K = 7/2 parity doublets have been predicted by the calculations to occur as the low energy bands.
Introduction
As a strong signature of nuclear intrinsic reflection asymmetry, the parity doublet bands in odd-A nuclei have attracted a great attention. It is expected that the octupole component of the mean field deformation would affect some single-particle orbitals in ways that should be clearly manifested by the spectroscopy of odd-A nuclei. To investigate the underlying physics, the comprehensive calculations for the parity doublets of the odd-A nuclei in the mass region A∼219-229 were performed by the reflection asymmetric particle-rotor model(RAPRM). 1 The main factors that might be expected to limit the succuss of the RAPRM are the rigidity of the model core and the general feature of all particle-rotor models that they tend to overpredict Coriolis couplings. The reflection asymmetric shell model (RASM) 2 removes the core assumption and, therefore, may expect a better description for the parity doublets. In the RASM, we first break both the quadrupole and octupole symmetries in the intrinsic mean field and then recover them by carrying out the simultaneous angular momentum-and parity-projections for the deformed basis. The shell model space is spanned by a selected set of the projected Nilsson + BCS states near the Fermi surface. The approach follows the basic philosophy of the standard shell model, and the only difference is that the RASM modelling starts with the deformed basis to achieve a large truncation for the model space. We will demonstrate that the RASM is a powerful tool to study the spectroscopy of octupole deformed nuclei by examining the sufficiency for the description of the parity doublets. Recently, the parity doublet bands in odd-neutron nuclei 237 U and 239 Pu have been measured up to very high spins. 3 The data provides a good testing ground for the theory concerning the reflection asymmetry. A brief description of the RASM is given in section 2. The calculation and discussion are presented in section 3, and a summary in section 4.
Reflection asymmetric shell model
The theory is briefly described below and the details can be found in Ref.
2
In the RASM, the trial wave function can be written as
where, |Φ κ ⟩is a set of deformed basis, which can be obtained from a deformed Nilsson potential.P I M K is the three-dimensional angularmomentum-projection operator, andP p the parity-projection operator.
In the wave functions, precisely, the coefficients f Ip Kκ can be obtained by solving the eigenvalue equation
The Hamiltonian is a type of the multipole plus pairing and may be written as
where, H 0 is the spherical single-particle Nilsson Hamiltonian. The second term stands for the multipole interactions, including quadrupolequadrupole (λ = 2), octupole-octupole (λ = 3), and hexadecapolehexadecapole (λ = 4) interactions. The third and fourth terms denote the monopole and quadrupole pairings, respectively.
Results of calculation
In the present calculations, the qp states are obtained from a deformed Nilsson calculation followed by a BCS calculation, in a model space with three major shells for each kind of nucleon (major shells 5, 6, 7 for neutrons and 4, 5, 6 for protons). The Nilsson Hamiltonian used to obtain the single-particle states contains a proper spin-orbit force. 4 The deformed Nilsson calculation is performed with the quadrupole term and the octupole term, the former term breaks the rotational symmetry, and the later the reflection symmetry, in the qp states. The deformation parameters (ε 2 , ε 3 , ε 4 the calculated doublet band states are compared with the experimental data taken from Ref. 3 The isotones 237 U and 239 Pu have the K = 1/2 orbital situated at the N = 145 Fermi level for the shapes with ε 2 ∼ 0.2 and ε 3 ∼ 0.04. It is expected that the low-lying parity doublets built on the same K = 1/2 orbital would occur in the two nuclei. The present calculations well reproduce the K = 1/2 parity doublet bands observed in 239 Pu and 237 U, as shown in Fig.1(a) and (b) , respectively. The parity splitting may be defined as the energy difference between the states with alternative parity and same spin within the parity doublets. It is seen that the parity splitting at low spins and the quenching of parity splitting with increasing spin have been well reproduced by the present calculations. The parity splitting at low spin is slightly larger for 237 U than for 239 Pu, which could be understood mainly due to the slightly larger octupole-deformation for 239 Pu. The K = 5/2 and K = 7/2 orbitals are located in the vicinity of the N = 145 Fermi level and thus indicate the possibility to observe the lowlying K = 5/2 and K = 7/2 parity doublets in the two nuclei. Fig.1(c) and (d) show the predicted K = 5/2 and K = 7/2 parity doublets, respectively, for 237 U. Only the one band in each of two doublets has been measured and their data are compared with the calculated bands.
Summary
In summary, we have carried out the reflection asymmetric shell model calculations for the parity doublets in the N = 145 isotones 237 U and 239 Pu. The K = 1/2 parity doublets have been observed in the two nuclei as the low-lying high spin bands. The present calculations have well reproduced the K = 1/2 parity doublets data in the two nuclei. The K = 5/2 and K = 7/2 parity doublets have been predicted by the present calculations to occur in the low energy region. With the one band in each parity doublets in agreement with the available data the predictions for the entire parity doublet bands would gain a power.
